In cases of asymmetric competition, larger individuals of many animal species have a greater probability of acquiring territory, gaining initial access to resources and finding a mate in comparison to smaller individuals. The competition among larvae of the antlion Myrmeleon brasiliensis (Neuroptera, Myrmeleontidae) is observed in the search for space for the construction of traps, in the forage for prey, and in the occurrence of cannibalism. The body size of the larvae is proportional to the size of the traps and the success of predation. Thus, larger specimens are better competitors in terms of capturing preys (asymmetric competition). The aim of the present study was to determine the effects of asymmetric competition in M. brasiliensis regarding the distance among these larvae. The study was developed in a permanent reserve area, located in the municipality of Aquidauana, from the Mato Grosso do Sul state, Brazil. For the laboratory experiments, we collected M. brasiliensis larvae and placed two larvae in plastic pots. The observations occurred by the visual search of traps, when a larva was seen in the diameter of its trap and the trap of its closest neighbor. Next, the trap size and the distance between them were measured for a period of 15 days. The results of the present study demonstrate that the largest M. brasiliensis larvae were outside the clusters. Within these clusters, the larvae moved away from each other because of the size of their traps, as the larger the neighboring larvae the greater the distance between them. Thus, the asymmetric competition between M. brasiliensis (larger larvae are better competitors) suggests a spatial arrangement among the larvae that is guided by the variable size of the trap.
Introduction
Individuals of the same species have similar requirements in terms of growth, reproduction and survival, which generates competition when the demand for resources exceeds the immediate supply (Nicholson, 1954; Varley, Gradwell, & Hassell, 1973; Hassell, 1975; Young, 2004; Pfennig & Pfennig, 2012) . Thus, a specific characteristic, such as the size of the individual, can represent a competitive advantage. In this type of interaction, which is denominated as asymmetric competition, larger individuals of many species have a greater probability of acquiring territory, gaining initial access to resources and finding a mate in comparison to smaller individuals (Polis, 1980; Lawton & Hassell, 1981; Prado, Bede, & Faria, 1993) .
Larval forms of antlions (Neuroptera, Myrmeleontidae) are sit-and-wait predators that built traps in sandy soil to capture their prey (Nonato & Lima, 2011) . Competition among antlion larvae is seen in the quest for space to build their traps, in the search for prey and in the occurrence of cannibalism (Lima, 2016) . To minimize the effects of competition, the larvae demonstrate spatial distribution that ranges from random to uniform, depending on the need to increase the density of the groups (Lima & Faria, 2007) . Moreover, a minimum distance between larvae is maintained to diminish the effects of the sand particles tossed by neighboring larvae during the maintenance of the pit (Simberloff, King, Dillon, Lowrie, Lorence, & Schilling, 1978; Lima, 1998) . Wilson (1974) proposes that larvae are distributed in such a manner to maximize the effectiveness of catching prey items and reducing intraspecific competition. In experiments involving an artificial increase in density, McClure (1976) found a spatial distribution pattern with a clear tendency toward uniformity, which is believed to minimize competition. According to Simberloff et al. (1978) , the sediment tossing into neighboring pits is a preponderant factor in the population dynamics, leading to the moving of a pit to a different location, which could increase the probability of cannibalism occurrence of, as larvae may fall into the trap of the neighboring larva. However, the effect of asymmetric competition among larvae with traps of different sizes on the distribution of antlion larvae pits has not previously been investigated.
The body size of the Myrmeleon brasiliensis larvae is proportional to the size of the traps and predation success (Missirian, Uchôa-Fernandes, & Fischer, 2006) . Thus, larger individuals are better competitors regarding the capture of preys (asymmetric competition). The hypothesis raised in this study is that, in order to avoid the effects of asymmetric competition, smaller larvae must maintain distance from larger individuals. The aim of the present study was to determine the effects of asymmetric competition among M. brasiliensis on the distance between the larvae. The following parameters were investigated: 1) the effect of the size of the neighboring trap on the distance between larvae and 2) the size of larvae found within and outside of the groups. Laboratory experiments were also conducted to evaluate 3) the effect of the neighboring trap size on the distance between larvae.
Material and methods
Larvae of the antlion M. brasiliensis were studied and collected in a permanent reserve area (1.600.000 m²) of the Universidade Estadual de Mato Grosso do Sul, located in the municipality of Aquidauana in the state of Mato Grosso do Sul, Brazil (20°26'06"S 55°39'35"W), where annual mean temperature and rainfall is approximately 26ºC and 1250 mm, respectively. The observations took place between August 2016 and January 2017. The area is characterized by vegetation of the savannah-like biome denominated Cerrado (Fina & Monteiro, 2013) . The sandy soil is favorable to the construction of pits by the larvae (Lima & Faria, 2007) .
The sampling method involved a visual search for M. brasiliensis traps along a trail, which measured approximately six km in length and approximately two meters in width. When a larva was sighted, we measured the diameter of its trap and the trap of its closest neighbor as well as the distance between traps (center to center). The larvae of M. brasiliensis that did not have a neighboring larva within a radius of 30 cm were considered isolated (outside of a group). The measurements were taken with the aid of digital calipers with a resolution of 0.01 mm.
For the laboratory experiments, M. brasiliensis larvae were collected with the aid of a spoon along with sand from the collection site. After that, we placed them in plastic bags and took to the Laboratory of Biodiversity Studies of Universidade Estadual de Mato Grosso do Sul, Aquidauana campus. In the lab, the body length (head-abdomen) and head capsule size were measured with the aid of digital calipers. The larvae were sorted and placed in plastic pots (15 x 10 cm) containing sand (500 gr) from the collection site. Two larvae were randomly selected for each plastic pot. Nineteen replicates were mounted, totaling 38 larvae. After placement in the plastic pots, the larvae were left for 24 hours to construct their traps. Next, the trap size and the distance between traps were measured for a period of 15 days.
To evaluate the effect of the neighboring traps size on the distance between larvae observed in the forest reserve and in the simulated experiment, the sum of the trap diameters was calculated (independent variable) and compared with the distance between larvae (dependent variable) by means of linear regression analysis. The Mann-Whitney test was used to evaluate the trap size (dependent variable) of M. brasiliensis larvae found within and outside groups (independent variable). Repeated-measures analyses of variance (ANOVA) were used to compare the distancing pattern (dependent variable) among M. brasiliensis larvae over time (independent variable) in the laboratory. All statistical analyses were conducted with the aid of the BioEstat 5.3 free software (Ayres et al. 2007 ).
Results
In the forest reserve, 93 M. brasiliensis larvae were sampled, of which 54 were grouped and 39 were isolated (no presence of other larvae in a 30-cm radius). The trap diameter was 29.35 ± 13.22 mm (mean ± standard deviation) among grouped larvae and 35.56 ± 4.89 mm among isolated larvae (n = 26). Thus, trap size was significantly larger among isolated larvae than those in groups (U = 742; n1 = 39; n2 = 54; p = 0.0155) (Figure 1 ). Acta Scientiarum. Biological Sciences, v. 41, e45871, 2019 The mean distance between the grouped M. brasiliensis larvae was 90.16 ± 60.24 mm. The high standard deviation demonstrates that some larvae were very close to one another (minimum distance: 29.93 mm), and others were quite distant from one another (maximum distance: 275 mm). The relationship between the sum of the trap diameters and the distance between neighboring larvae demonstrated greater distance between larger neighboring larvae (r 2 = 0.26; p = 0.0007; n = 44) ( Figure 2 ).
Figure 2.
Relationship between the size of the neighboring trap (mm) and the distance (mm) between the Myrmeleon brasiliensis larvae (r 2 = 0.26; p = 0.0007; n = 44).
Among the larvae taken to the laboratory, the mean body size was 5.4 ± 1.76 mm; the mean head capsule size was 1.5 ± 0.34 mm and the mean trap size was 32.38 ± 9.55 mm. Although an increase in the size of neighboring larvae led to greater distancing between traps, no significant change in the distance between traps was found over time. The mean distance between the larvae was 61.42 ± 13.29 mm on the first day and 65.96 ± 22.32 mm on the last day of the experiment (F = 0.97; GL = 2; p = 0.39).
Discussion
The data of the present study demonstrate that, with an increase the trap size, a greater distance occurs between the larvae of M. brasiliensis. Thus, it is observed that larger larvae are more isolated, whereas smaller larvae are observed in groups. The larvae of M. brasiliensis are grouped according to the reflex of the oviposition behavior of adult females and the heterogeneous distribution of suitable areas for the construction of traps (Lima & Faria, 2007; Lima & Lopes, 2016) . However, with the development of the larvae, there is a greater distance among these organisms. For a small larva, remaining close to large larvae may represent less access to resources, since larger larvae are better competitors (asymmetric competition) (Nonato & Lima, 2011) . Thus, the competition among M. brasiliensis may be generating a spatial distribution design that is guided by the size of the trap.
The distancing among antlion larvae may be a response to the trap building behavior and predation. During these processes, M. brasiliensis expels sand particles from the trap, which could end up destroying a neighboring trap, and leading to an energy expenditure on the part of the neighboring larva for the reconstruction of the damaged trap (Day & Zalucki, 2000; Nonato & Lima, 2011) . Experiments conducted with Myrmeleon acer demonstrate that the minimum distance between larvae under conditions of high density was similar to the distance that the grains of sand reached during the construction of the pits (30 mm) (Day & Zalucki, 2000) . In the present study, the minimum distance between M. brasiliensis larvae was 29.30 mm in the natural environment and 35.28 mm in the laboratory.
With the increase in trap size, which reflects the progression of larval instars, M. brasiliensis larvae were observed outside of groups (no presence of neighboring larvae within a 30-cm radius). Larvae that remain in groups are subject to competition for prey items, the destruction of their traps by neighboring larvae and cannibalism (Gotelli, 1993; Day & Zalucki, 2000; Lima, 2016) . Isolated larvae avoid these problems, but at the cost of moving to a different location and reconstructing the trap (Lucas 1985; Lima & Silva, 2017) . Thus, there must be a competitive advantage for larger larvae to forage farther from other M. brasiliensis larvae. For example, ants, which are the main food source for antlion larvae, avoid foraging near trap sites (Hollis, 2016) . Thus, the relocation far from groups may minimize the effects of competition and maximize the capture of prey items.
Temperature is another factor that allows larger larvae to migrate outside groups. Larger antlion larvae are capable of withstanding hotter locations (Lucas, 1985; Fisher, 1989) . Faria, Prado, Bede, and Fernandes (1994) found that the mean size of traps located in open areas was significantly greater than that of traps located in areas protected from direct sunlight. In the present study, grouped M. brasiliensis larvae were under the protection of the leaflets and fallen tree trunks, whereas larvae with larger traps were found in open areas exposed to direct sunlight.
Larger body size among larvae of M. brasiliensis leads to a higher probability of cannibalism. This is expected, since the success of predation is related to the increase in trap size, because larger individuals build larger traps (Lima & Faria, 2007) . To minimize the effects of cannibalism, larvae distance themselves from each other, and this distancing increases with the increase of body size. Larger individuals are generally more voracious cannibals than smaller individuals. Consequently, smaller larvae are often eaten by larger individuals (Polis, 1980; Lima, 2016) . The presence of cannibals may induce smaller conspecifics to avoid foraging in areas near large individuals (Persson & Eklov, 1995; Biro, Post, & Parkinson, 2003; Rudolf, 2006) . Moreover, cannibalism structured by predator size exerts a strong influence on the dynamics of the population and community (Claessen, Roos, & Persson, 2000) .
The effects of asymmetric interactions on population dynamics have been widely investigated. Bassar, Childs, Rees, Tuljapurkar, Reznick, and Coulson (2016) demonstrated that the difference in fish body length among the interacting individuals influences the outcome of competition. Cameron, Wearing, Rohani, and Sait (2007) noted that the intraspecific competition between large and small larvae of insects is asymmetric, with large larvae reducing the survival rate of small larvae rather than vice versa. It is interesting to note that, in all studies, as in the present study, intra-and interspecific competition was asymmetric, with large individuals dominating the interactions.
Conclusion
The results of the present study demonstrate that the largest M. brasiliensis larvae were outside the clusters. Within these clusters, the larvae move away from each other due to the size of their traps, as the larger the neighboring larvae the greater the distance among them. Thus, the asymmetric competition among M. brasiliensis (larger larvae are better competitors) suggests a spatial arrangement among the larvae that is guided by the variable size of the trap.
